turns around an octamer of the core histones. This octamer consists of two copies each of H2A, H2B, H3 and H4 histones and together with its DNA is termed the core particle. It has a diameter of 1l.Onm and a thickness of 5.7nm. An additional 2 x lObp of DNA are associated with a single copy of the fifth histone, HI, and the complex of 166bp DNA with all the histones is termed the chromatosome. One hundred and sixty-six base pairs of DNA represents about two superhelical turns. The remaining DNA is termed 'linker DNA'. When extended at low ionic strength, this 'beads-on-a-string' structure can be re-folded to a higher order structure by salt addition, provided H 1 is Abbreviation used: bp, base pairs present. This structure is probably a superhelix of nucleosomes with about 6-8 units per turn, a pitch of 1 1 .Onm and a diameter of 35.0nm. Although it is now clear that the nucleosomes in the superhelix are fairly upright, the details of their arrangement in the supercoil are not yet determined (for reviews see McChee & Felsenfeld, 1980; CraneRobinson et al., 1984) .
Two important outstanding problems are: (a) the way in which histone H1 helps to maintain and form the higher order structure and (6) the extent to which, if at all, the core histones play a role in stabilizing the higher order structure. To answer these questions, a detailed understanding of histone structure is required and to this end we have used trypsin to delineate structural domains of the histones. The results have given insight into how the histones operate in chromatin.
Core histones
Tryptic digestion of chromatin gives rise to a stable population of 'limit' peptides (PI-P5) from the core histones that are digested further only with difficulty (Weintraub & van Lente, 1974) . It is striking that the same set of peptides is also given if the substrate is core particles or the core histone octamer free in solution in 2hl-NaCI (see Fig. I ). This implies that the division of the core histones into readily digested and more resistant regions is a Close similarity is seen between the products in lanes 4, 6, 8, 9 and 14. property of the core histone complex and not dependent on the presence of DNA at all. We have isolated the limit peptides from chicken erythrocyte chromatin and established their identity by Edman degradation and amino acid analysis (Bohm et af., 1980 (Bohm et af., , 1981 (Bohm et af., , 1982 . Table 1 gives the results. All the core histones lose N-terminal residues whilst H2A (and sometimes H3) lose C-terminal residues. It is worthwhile to analyse the regions digested away in terms of the known sequences of the core histones. This is illustrated in Fig. 2 Drosophila H2B is totally lysine plus arginine) is not removed by trypsin. The trypsin-susceptible domain is however a region of much lower sequence conservation in comparison with the protected domain.
The results for all core histones can be summarized as follows :
(1) In H2A and H2B the cleavage points correspond closely to the limits of highly conserved sequences, rather than to the limits of the strongly basic region.
(2) For H3 and H4, the sensitive N-domains are again very basic, but in this case are more conserved than the protected C-domains. These results are interpreted to mean that there is a major structural distinction between the large 'limit' peptides, representing the chain regions folded inside the core particle, and the accessible terminal domains that play a different structural role. Their location is probably external to the core particle and their function is critically sequence dependent for H3 and H4 but not so sequence dependent for H2A and H2B. It is striking that the acetylation and phosphorylation sites in oitro of all four core histones are located in the trypsin-accessible domains, likewise suggesting a distinct function for these regions. It is also noteworthy that the accessible domains contain very few hydrophobic residues and sometimes have a repetitive sequence (e.g. H2B). They would not be expected to fold with such a composition.
What then is the role of the trypsin-accessible domains of the core histones? It has been demonstrated 
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C D Stein, 1978) that their loss does not result in any major change in core particle structure and it may therefore be that they act at the level of the higher order structure by bridging between nucleosomes. In support of this idea it has been shown (Allan et a/., 1982) that when the N-domains are cleaved from the core histones in H I -depleted chromatin and intact H I is then replaced, the resulting reconstituted chromatin remains a n essentially open structure which does not refold properly into the higher order supercoil. If the function of the N-domains is therefore to cross-link nucleosomes, the question arises as to why the sequences involved are highly conserved in H 3 and H 4 histones and not so in H2A and H2B. So far it has not been possible to d o experiments to distinguish the core histones in this respect.
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Histotw HI
Trypsin digestion of calf thymus H 1 (or the closely related erythrocyte H5) in either chromatin or free solution leads to the production of a single limit peptide that covers the region from 36 to 121 (22 to 100 in H5) (Hartman c't a/. , 1977) . This fragment forms a spherical globular structure which has been shown by scanning calorimetry to be the only folded region in the whole of the 216 residues of H I (Tiktopulo et ul., 1982) . This result is interpreted to mean that the flanking N-and C-domains are readily digested as a consequence of their being in a disordered conformation in solution (or an extended conformation in chromatin). Fig. 3 gives partial sequence data of histones H I and H5 from several organisms, from which it is clear that the central protected fragment is much the most conserved region and has a composition typical for a globular protein. The flanking domains are very basic, lack hydrophobics and so would not be expected to fold. They appear similar to the accessible domains of the core histones. Why then has H I(H5) this three-domain structure?
A characteristic feature of H I is its ability to protect the extra 2 x lObp of D N A beyond the core particle against nuclease digestion. It has been shown that the limit peptide of H 1 alone is able to also perform this protection and it was Vol. 13 therefore proposed (Allan et a/., 1980) that this central folded domain is bound to these two D N A stretches thereby sealing off the core particle and defining the two-turn chromatosome. This domain can therefore locate the H 1 molecule in chromatin. What then are the flanking domains for'? A wide variety of evidence indicates that H 1 is essential for condensation of the higher order supercoil in solution. Experiments with Chromatin reconstitutes containing only the globular domain of H I show that such chromatin does not however condense fully (Allan (JI ul., 1980) . It is therefore clear that the terminal domains of H I play the main role in condensing the nucleosomal supercoil, perhaps by bridging between nucleosomes as shown in Fig. 4 . This role fits the sequence and composition of the C-terminal domain of H I (800,/, lysine + proline falanine), although the very variable N-domain (see Fig. 3 ) seems less likely to function in such a universal way in all chromatins. Current experiments suggest, but d o not prove, that the C-domain of H 1 is alone able to condense the supercoil if properly located by the globular domain.
Conclusions
Trypsin has defined 'hard to digest' limit fragments of all five histones that represent folded protein playing a direct role in supertwisting the D N A in: (a) the core particle (Pl-P5 from core histones) and (b) the chromatosome (the globular domain of HI). In contrast, the accessible domains of all five histones are characteristically very basic and do not have the sequence and composition typical for folded protein. It is proposed that these domains act to stabilize the nucleosomal supercoil and also presumably to modify its structure for DNA processing in transcription and replication. It is for this reason that the sites of post-translational modification are all located in these domains. A function in mitotic condensation is also possible.
Introduction
It is convenient to isolate conceptually two stages in the attack of a proteinase upon a native protein. The first proteolytic event generates a derivative that may be more or less susceptible to further proteolysis, whether by the same or by different proteinases. The tendency of the first intermediate (N*) to persist or accumulate is dictated by the relative magnitudes of the rate constants for each phase of the reaction (Fig. I) , permitting the identification of three, qualitatively different types of behaviour. In those cases where the initial rate of proteolysis is greater than that of subsequent steps N* will accumulate, a situation that is well illustrated by the processes of zymogen activation of preprotein processing (Neurath, 1980 ). As will be described later, this phenomenon can also be used to generate proteolytically modified proteins in uitro for structural or functional studies. The second situation arises where the rate constants for the two phases are similar. Under these conditions the intermediate form will exist transiently, a requirement that might be expected of regulatory systems in which a peptide messenger is generated and subsequently inactivated by hydrolysis. Finally, if the initial proteolysis destabilizes the products the subsequent rapid proteolytic attack would clear away N* such that it might be virtually undetectable, a situation that is often held to be the case in intracellular protein catabolism. It is generally assumed that the initiating event (which has not yet been proven to be proteolytic) labilizes the protein to the extent that it is rapidly and completely hydrolysed.
In an attempt to understand the physicochemical principles that regulate intracellular protein catabolism we have conducted a number of studies on the interaction between proteinases and native proteins in vitro (Beynon, 1980; Place & Beynon, 1982a) . It has become clear that the behaviour of such systems can reflect all three types of * To whom correspondence should be addressed. proteolysis alluded to above. In the present paper, we present one example of the generation of a functionally modified but stable intermediate of an enzyme and discuss the rationale behind the isolation of intermediates of intracellular proteolysis.
Proteolytic formation of a functionally modijied form of glutamate dehydrogenase
Our initial studies on glutamate dehydrogenase were based on the observation that chymotrypsin and a fungal ( -k2 x t ) ] . The five lines show variation in N* as the ratio of k , / k z is altered. Note that the line for k , / k 2 = 0.01 is barely visible and has not been labelled.
